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MEDICAL GRAFTTNP; APPARATUS 
AND METHODS 

Background of the Invent- <nn 

This invention relates to medical methods and 
apparatus, and more particularly to methods and 
apparatus for installing a tubular graft in a patient 
for such purposes as bypassing an occlusion or 
narrowing in the patient's tubular body structure. 
More particularly, this invention relates to 
instrumentation and methods for providing an opening in 
a side wall of the patient's body structure, and 
instrumentation and methods for attaching the tubular 
graft to the patient's body structure at the opening 
that has been made. 

The invention is applicable to making 
anastomotic connections between all body conduits. For 
example, the invention also has application for 
attaching coronary artery bypass grafts. Specifically, 
connection methods and apparatus are provided for 
attaching the graft ends to the coronary artery and the 
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aortic artery. In the case of the internal mammary 
artery, connection is required at the coronary artery 
only. 

During coronary bypass surgery vein grafts 
5 are attached to the ascending aorta, i.e., a proximal 
anastomosis, and to the coronary artery, i.e., a distal 
anastomosis. The vein graft bypasses the diseased or 
stenotic region of the coronary artery allowing blood 
to flow through the graft and perfuse the heart distal 
10 to the stenosis site. 

An early step in the procedure is create a 
hole in the artery to which the vein graft is to be 
connected. A precisely controlled hole and geometry is 
needed to optimize the performance of the anastomosis. 
15 According to conventional techniques, a scalpel and a 
punch are used. A slit is first made in the aortic 
wall. The slit is typically wider than the punch, such 
that the distal end of the punch can.be inserted 
through the slit into the lumen of the artery. An 
20 aortic punch consisted of an anvil portion and tube 

that relatively movable with respect to each other. The 
aortic punch removes a portion of the wall by crushing 
or forcing the anvil section inside the artery lumen, 
against the tube positioned outside the artery wall. 
25 The compressive action of the anvil against the tube 

shears and crushes the tissue between the anvil and the 
tube . 

The method has several disadvantages. The 
hole produced is typically very irregular and variable 
30 in size. Moreover, the initial scalpel slit, typically 
extends beyond the opening made by the aortic punch and 
may result in leakage. The surrounding residual 
tissue, which has been left behind, is usually damaged 
due to the crushing action. This damage can produce a 
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biological healing response for the damaged cells, 
which can cause inflammation and other adverse events 
at the critical anastomosis site. 

The conventional procedure to make the 
5 connections after the hole has been made is by hand- 
sewing or suturing. it will be appreciated, however, 
that making such connections by suturing can be 
extremely difficult, time-consuming, and dependent on 
the skill of the physician for the quality of the 
10 results. There is also increasing interest in less 

invasive procedures which tend to impose constraints on 
the physician's access to the sites at which graft 
connections must be made and thereby make it more 
difficult or even impossible to use suturing to make 
15 such connections (see, for example, Goldsteen et al . 
U.S. patent 5,976,178, Sullivan et al. U.S. patent 
application No. 08/844,992, filed April 23, 1997, and 
Sullivan et al . U.S. patent application No. 08/869,808, 
filed June 5, 1997, concurrently filed U.S. patent 
20 application No. 09/187,364, filed November 6, 1998 and 
concurrently filed U.S. patent application No. 
09/187,335, filed November 6, 1998, all of which are 
hereby incorporated by reference herein in their 
entireties) . Conventional suturing techniques may 
25 contribute to the failure of the anastomosis. The 
sutures themselves may initiate injury to the graft 
vessel . 

In view of the foregoing, it is an object of 
this invention to provide improved and simplified 
30 apparatus and methods for providing an opening in 
tubular body conduit. 

It is still another object of this invention 
to provide improved and simplified methods of making 
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structures that can be used as medical connector 
apparatus . 

It is also an advantage of the invention to 
provide an improved and consistent anastomosis result, 
without the reliance on the technique and skill of the 
physician . 
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Summary of the Invention 

These and other objects of the invention are 
accomplished in accordance with the principles of the 
invention by providing improved apparatus and methods 
for installing a guide structure in a patient between 
two locations along the patient's circulatory system 
that are to be connected by a bypass graft. 

Instrumentation is provided for facilitating 
15 cutting an opening in a side wall of a body conduit. A 
tubular structure is provided which defines a lumen and 
has a sharpened distal end portion configured to cut a 
section of the body conduit to create the opening. A 
tissue holding structure is also provided which is 
axially movable within the lumen of the tubular 
structure. The tissue holding structure includes a 
piercing portion to permit passage of the tissue 
holding structure through the body conduit from an 
entrance side adjacent the tubular structure to an exit 
25 side thereof. The tissue holding structure also 

includes a retention member to secure the body conduit 
to the tissue holding structure during movement of the 
tissue holding structure to approximate the entrance 
side of the section of the body conduit and the 
sharpened distal portion of the tubular structure which 
enables the sharpened distal end portion to cut the 
section of body conduit. 
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After the section of body conduit has been 
cut, the tissue holding structure and the section of 
body conduit secured thereto by the retention member 
are proximally movable into the lumen of the tubular 
5 structure. 

In one embodiment, the retention member is a 
barb that is resiliency biased radially outwardly in 
order to secure the section of body conduit. The barb 
may be deflected radially inwardly during the distal 
10 passage of the tissue holding structure through the 
section of the body conduit. 

The piercing portion may be a needle catheter 
having a sharpened distal end portion permit distal 
passage of the tissue holding structure through the 
15 section of body conduit. The tissue holding structure 
further may include a barb support member which 
supports the barb thereon and is axially movable within 
an mternal lumen of the needle catheter. The needle 
catheter may be sized to deflect the barb radially 
20 inwardly during distal movement of the barb suooort 
member through the internal lumen of the needle 
catheter, and to subsequently allow the barb to return 
to an outwardly extending orientation after passage 
through the internal lumen. The barb support member 
25 may have an atraumatic distal tip portion. In a 

preferred embodiment, the barb support member extends 
distally from a flexible catheter. 

The instrumentation may also include a 
connector for providing an anastomosis between the body 
30 conduit and a new length of body tubing comprising a 
first plurality of fingers for engaging an inner wall 
of the body conduit, a second plurality of fi ngers for 
engaging an outer wall of the body conduit, and a 
Plurality of engagement members for securing the new 
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length of body tubing to the connector. In one 
embodiment, the first plurality of fingers, the second 
plurality of fingers, and the engagement members are 
resiliently disposed radially outward. 
5 Further instrumentation may be supplied to 

install the connector, including a connector support 
defining a longitudinal axis. The connector support 
may have a first retention structure to retain the 
first plurality of fingers towards parallelism with the 
10 longitudinal axis and a second retention structure to 
retain the second plurality of fingers towards 
parallelism with the longitudinal axis, such that the 
engagement members are disposed radially outwardly to 
facilitate attachment of the new length of tubing 
15 thereto. In an embodiment, the connector support and 
the instrumentation for cutting an opening in the body 
conduit may be one unit. Consequently, the connector 
support may define an interior lumen for receiving the 
tubular structure and tissue holding structure 
20 therethrough. 

In a preferred embodiment, the first 
retention structure is an annular sleeve for retaining 
the first plurality of fingers distally towards 
parallelism with the longitudinal axis. The first 
25 retention structure retains the first plurality of 

fingers in a configuration having a dimension smaller 
than the opening in the body conduit. 

The second retention structure may be a 
member having a projection received in a corresponding 
30 opening in each of the second plurality of fingers to 
retain the second plurality of fingers distally towards 
parallelism with the longitudinal axis. The second 
retention structure may also be an annular sleeve to 
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retain the second plurality of fingers proximally 
towards parallelism with the longitudinal axis. 

Instrumentation may also be provided to 
assist in the attachment of the new length of tubing to 
5 the connector. The new length of tubing may have a 
direction of natural fluid flow. For example, the 
saphenous vein normally has one-way valves to promote 
fluid flow in a single direction. In order to assist 
in the positioning of the new length of tubing, a 
10 sleeve sized for passage within the new length of 

tubing may be provided. The sleeve has an indicator to 
provide a visual indication of the direction of natural 
fluid flow. Additional instrumentation may include a 
pressure-application tool for facilitating the piercing 
15 of the new length of tubing by individual ones of the 
engagement members to secure the new length of tubing 
to the connector. The pressure-application tool may 
have a distal sleeve portion with an internal lumen 
sized such that individual ones of the engagement 
20 members may be received therein. The sleeve provides 
substantially uniform pressure to the new length of 
tubing about the engagement member to pierce of the new 
length of tubing by the engagement member. 

A method is also disclosed for performing an 
25 anastomosis between a body conduit and a new length of 
tubing comprising, which includes providing a tissue 
holding structure having a retention member to secure 
the body conduit to the tissue holding structure. 
Another step may be securing the retention member to 
30 the body conduit by at least partially inserting the 
tissue holding structure into the body conduit; 

The method may also include providing a 
tubular structure having a sharpened distal portion. 
The body conduit and the sharpened distal portion of 
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the tubular structure are approximated by relative ' 
movement of the tissue holding structure towards the 
tubular structure 

The method may also include cutting a section 
5 of the body conduit with the sharpened distal portion 
of the tubular body structure to provide an' opening in 
the body conduit, The new length of tubing is attached 
to the body conduit adjacent the opening made by the 
cutting. 

10 In a Preferred embodiment, the method also 

includes providing a connector defining a central 
opening and having a first plurality of fingers for 
engaging an inner wall of the body conduit, a second 
plurality of fingers for engaging an outer wall of the 

15 body conduit, and a plurality of engagement members for 
securing a portion of the new length of body tubing to 
the connector. Attaching the new length to tubing to 
the body conduit adjacent the opening is performed by 
securing a portion of the new length of body tubing to 

20 the connector with the plurality of engagement mergers, 
engaging the inner wall of the body conduit with the 
first plurality of fingers, and engaging the outer wall 
of the body conduit with the second plurality of 
fingers ; 

25 In another embodiment, the method includes 

providing a connector support defining a longitudinal 
axis and having a first retention structure for 
retaining at least one of the plurality of fingers 
towards parallelism with the longitudinal axis, and 

30 prior to securing the portion of the new length of 
tubing to the connector, mounting the connector 
coaxially about the connector support and retaining one 
the plurality of fingers with the retention structure. 

Installation of the connector is performed by 
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inserting the connector first plurality of fingers into 
the opening, releasing retention structure to allow the 
first plurality of fingers of engage the inner wall of 
the body conduit, and releasing another retention 
5 structure to allow the second plurality of fingers to 
engage the outer wall of the body conduit. 

Further features of the invention, its nature 
and various advantages will be more apparent from the 
accompanying drawings and the following detailed 
10 description of the preferred embodiments. 



Brief Des cription of the Drawings 

FIG. 1 is a simplified view in partial 
section of an apparatus in accordance with the 
invention . 

15 FIG. 2 is an elevational view of a connector 

apparatus, in accordance with the invention. 

FIG. 3 is a simplified planar development, in 

reduced scale, of the connector apparatus of FIG. 2, in 

accordance with the . invention . 
20 FIG - 4 is a simplified sectional view of the 

connector of FIG. 2 installed in a body conduit, in 

accordance with the invention. 

FIG. 5 is a perspective view of the connector 

of FIG. 2, mounted within a portion of the apparatus of 
25 FIG. 1, and additional structure, in accordance with 

the invention . 

FIG. 6 is a sectional view of the connector 

and apparatus illustrated in FIG. 5, in accordance with 

the invention. 

FIG. 7 is a perspective view of additional 
structure for use with the FIG. 5 apparatus, in 
accordance with the invention. 
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FIG. 8 is a perspective view of the connector 
and apparatus of FIGS. 5-6/ illustrated in combination, 
with the structure of FIG. 7, in accordance with the 
invention. 

5 FIG. 9 is a perspective view similar to FIG. 

8, illustrating a later stage in the use -of the 
apparatus of FIG. 8, in accordance with the invention. 

FIG. 10 is an enlarged perspective view 
similar to FIG. 9, illustrating a still later stage in 
10 the use of the apparatus of FIG. 9, in accordance with 
the invention. 

FIG. 10(a). is an alternative embodiment of 
the structure, illustrated^ in FIG. 10. 

FIG. 11 is a perspective view of additional 
15 structure for use with the FIG. 10 apparatus, in 
accordance with the invention. 

FIG. 12 is a sectional view of the FIG. 10 
apparatus, illustrating a stage in the use of the 
FIG. 11 apparatus, in accordance with the invention. 
20 FIG - 13 is an enlarged perspective view of 

the FIG. 12 apparatus, in accordance with the 
invention. 

FIG. 14 is a sectional view similar to FIG. 6 
illustrating a later stage in the use of the apparatus, 
25 in accordance with the invention. 

FIG. 15(a) is a perspective view illustrating 
additional structure, in accordance with the invention. 

FIG. 15(b) is a sectional view taken through 
line 15-15 of FIG. 14, in accordance with the 
30 invention. 

FIG. 16 is an enlarged view perspective view 
similar to a portion of FIG. 14, illustrating 
additional structure, in accordance with the invention. 
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FIG. 17 is a sectional view taken through 
line 17-17 of FIG. 16, in accordance with the 
invention. 

FIG. 18 is a perspective view of an 
5 alternative embodiment of the apparatus illustrated in 
FIGS. 16-17, in accordance with the invention. 

FIG. 19 is a perspective view of additional 
structure useful in connection with the alternative 
embodiment illustrated in FIG. 18, in accordance with 
10 the invention. 

FIG. 20 is a simplified view of an early 
stage in the use of the apparatus of FIG. 1, in 
accordance with the invention. 

FIG. 21 is an enlarged sectional view of an 
15 early stage in the use of the FIG. 16 apparatus, in 
accordance with the invention. 

FIG. 22 is a sectional view, similar to FIG. 

21, of a later stage in the use of the FIG. 16 
apparatus, in accordance with the- invention. 

20 FIG - 23 is a sectional view, similar to FIG. 

22, of a subsequent stage in the use of the FIG. 16 
apparatus, in accordance with the invention. 

FIG. 24 is a perspective view of a still 
later stage in the use of the FIG. 16 apparatus, in 
25 accordance with the invention. 

FIG. 25 is a sectional view of an early stage 
in the use of an alternative embodiment of the FIG. 16 
apparatus, in accordance with the invention. 

FIG. 26 is a sectional view similar to FIG. 
30 25, illustrating a later stage in the use of the 

alternative embodiment of the apparatus, in accordance 
with the invention. 

FIG. 27 is a sectional view similar to FIG. 
26, illustrating a still later stage in the use of the 
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alternative embodiment of the apparatus, in accordance 
with the invention. 

FIG. 28 is a sectional view similar to FIG. 

27, illustrating a further stage in the use of the 

5 alternative embodiment of the apparatus, in accordance 
with the invention. 

FIG. 29 is a sectional view similar to FIG. 

28, illustrating a subsequent stage in the use of the 
alternative embodiment of the apparatus, in accordance 

10 with the invention. 

FIG. 30 is a simplified sectional view of a 
later stage in the use of the FIG. 16 apparatus, in. 
accordance with the invention. 

FIG. 31 is an enlarged perspective view from 
15 direction 31 of FIG. 30, at a still later stage, in 
accordance with the invention. 

FIG. 32 is a simplified sectional view of a 
further stage in the use of the FIG. 16 apparatus, in 
accordance with the invention. 
20 FIG - 33 is an enlarged perspective view from 

direction 33 of FIG . 32, in accordance with the 
invention. 

FIG. 34 is a simplified sectional view 
illustrating a still later stage in the installation of 
25 the connector apparatus and graft conduit, in 
accordance with the invention. 

FIG. 33 is a simplified sectional view from 
line 33-33 of FIG. 32, in accordance with the 
invention. 

30 FIG - 34 is a simplified view from direction 

34 of FIG . 32, in accordance with the invention. 

FIG. 35 is a simplified view similar to FIG. 
20, illustrating a final stage in the procedure, in 
accordance with the invention. 
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Detailed Description of the Preferred Embodiments 

Although the invention has other possible 
uses, the invention will be fully understood from the 
following explanation of its use in providing a bypass 
5 around an obstruction in a patient's vascular system. 

An apparatus in accordance with the invention 
is illustrated in FIG. 1, and designated with the 
number 100. Apparatus 100 may include a proximal handle 
portion 110, an elongated medial portion 120, and a 
10 distal portion 130. According to a preferred 

embodiment, apparatus 100 has been illustrated as a 
single, integrated instrument. As will be described in 
greater detail herein, it is also contemplated that the 
various functions and/or the various components may be 
15 separated into a plurality of separate ins truments . 

The proximal handle portion 110 provides a 
suitable grip for the physician performing the process 
to be described in greater detail hereinbelow. Handle 
portion 110 may provide a plurality of actuation 
20 devices for operating the distal portion 130 of 

apparatus 100. Proximal handle portion 110 may be 
fabricated from surgical grade plastic or other similar 
material. Finger grips 112 and a plunger mechanism 114 
may be provided to remotely operate certain distal 
25 components. In addition, a slide mechanism 116 with a 
lock mechanism may be provided to operate other distal 
components. The handle portion 110 disclosed herein is 
merely exemplary, and it is contemplate that 
alternative handle portions, such as, for example, a 
30 pistol grip or a lever mechanism, may be used to 

remotely operate the distal portion in accordance with 
the invention. 

The medial portion 120 of apparatus 100 may 
consist of a series of concentric cylindrical members, 
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and be fabricated with sufficient length to allow the 
physician to treat the patient's tissue by actuating 
the distal portion 130 of apparatus 100 from a distance 
away. According to the invention, the new length of 
5* tubing, such as the graft conduit 122 is mounted on the 
medial portion 120. The graft conduit may be a natural 
body conduit, such as a blood vessel or duct, or 
synthetic graft material. A delivery sheath 124 
surrounds the graft conduit 122 during the process of 
10 attachment to an existing body conduit, such as the 
aorta . 

The distal portion 130 of apparatus 100 
performs a plurality of functions in the anastomosis. 
For example, the distal portion 130 may include a 

15 cutting mechanism 132 that provides an opening in the 
patient's existing body conduit. The distal portion 
130 may also include a mechanism 134 for selectively 
deploying a connector apparatus 200, which attaches the 
graft conduit 122 to the existing body conduit. 

20 When apparatus 100 is utilized by the 

physician to provide an anastomosis, the physician may 
perform the following sequence of steps. To prepare 
for the anastomosis, the connector 200 is attached to 
the distal end portion 130 of the apparatus. 

25 Subsequently, the graft conduit 122 is mounted to the 
medial portion 120 of the apparatus 100, and a distal 
end portion of the graft conduit 122 is attached to the 
connector 200. The cutting mechanism 132 provides an 
opening in a wall of the existing tubular body conduit. 

30 The connector deploying mechanism- 134 then selectively 
deploys connector 200, which attaches the graft conduit 
122 to the existing body conduit to complete the 
anastomosis. Each of the components and steps will 
described in greater detail herein. 
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FIGS. 2-4 illustrate a preferred embodiment 
of the connector apparatus 200. Additional features of 
the apparatus are disclosed in commonly-assigned, 
copending U.S. Application 09/016,721 filed January 30, 
5 1998, and U.S. Application 09/187,335 filed November 6, 
1998, both of which are incorporate in their entirety 
herein. Connector apparatus 200 may be preferably 
fabricated from a nickel-titanium alloy (nitinol) . 
Connector apparatus 200 may include a plurality of 

10 fingers to engage the existing tubular body conduit and 
the new length of tubing in order to provide an 
anastomosis therebetween. A first plurality of 
fingers, such as graft attachment fingers 202, provide 
an attachment to the new length of tubing. A second 

15 plurality of fingers, internal fingers 204, engage the 
internal wall of the existing tubular body conduit. A 
third plurality of fingers, external fingers 206, 
engage the outer wall of the existing tubular body 
conduit. The pluralities of fingers are interconnected 

20 about a medial portion 208. Medial portion 208 defines 
a discontinuous, substantially circular enclosure 210 
defining a nominal diameter 212. The flexible nature 
of the nitinol material and the discontinuity of medial 
portion 208 permits connector to expand and contract 

25 with respect to diameter 212. 

According to a preferred embodiment, 
connector apparatus may be manufactured from a 
substantially cylindrical tube (not shown) of nitinol 
material. A laser is preferably used to cut a 

30 particular configuration into the tube. FIG. 3 

illustrates a planar development of the configuration 
of connector apparatus 200, e.g., were the clinical 
tube to be cut and flattened to a two-dimensional 
configuration. As can be seen in FIG. 3, the 
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pluralities of fingers have been formed from the 
cutting process, thus forming a plurality of open 
spaces 213 between fingers. Each of the pluralities of 
fingers is interconnected adjacent the medial portion 
5 208. More particularly, each internal finger 204 has 
outer struts 214 and 216 connected to an adjacent 
medial portion 208. Each external finger 206 has outer 
struts 218 and 220 connected to center strut 222 of 
internal finger 204 in a region adjacent medial portion 

10 208. Once the nitinol tube has been cut to form the 
various fingers described hereinabove, the fingers are 
deflected radially outwardly and may be heat treated to 
form the configuration shown in FIGS. 2 and 4. 

As illustrated in FIG. 4, connector apparatus 

15 200 provides a secure attachment between a new length 
of tubing 122 and the existing tubular body conduit, 
such as the aorta 20. Preferably, this connection is 
located between the end portion of the graft conduit 
122 and an aperture in the wall of the existing tubular 

20 body conduit 10. The internal fingers 204 engage the 
internal wall of the existing tubular body conduit 10, 
and assist, in positioning the connector apparatus 200 
and the new length of tubing 122 relative to the 
existing tubular body conduit 10. The internal fingers 

25 204 also assist in the mechanical retention of the 

connector apparatus 220 to the existing tubular body 
conduit 10. The external fingers 206 engage the 
external wall of the existing tubular body conduit 10, 
and assist in positioning the connector apparatus 200 

30 and the new length of tubing 122 relative to the 

existing tubular body conduit 10. The internal fingers 
also assist in the mechanical retention of the 
connector apparatus 220 to the existing tubular body 
conduit 10. The medial portion 208 allows the 
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connector to expand radially outwardly (such as in the 
direction shown by the arrow in FIG. 4) . This 
expansion compresses the wall of the new length of 
tubing 122 against the wall of the existing tubular 
5 body conduit 10 to produce a hemodynamic seal. The 
graft attachment members 202 provide a means for 
attaching the new length of tubing 122 to the connector 
apparatus 200. Preferably, graft attachment members 
202 have a sharpened end portion to pierce the new 
10 length of tubing 122 and a barbed configuration 224 to 
secure the new length of tubing once attached. 

An early step in the installation of the 
connector apparatus 200 in a patient is the mounting of 
the connector apparatus 200 to a connector support 
15 structure 134 in order to facilitate attachment of a 
graft conduit to the connector (FIGS. 5 and 6) . More 
particularly, connector 200 is positioned about 
connector support member 152. The distal end portion 
of connector support member 152 is provided with an 
20 annular recess 154, having a distal shoulder portion 

156 and a proximal shoulder portion 158. Connector 200 
is positioned in the annular recess 152 such that 
internal fingers 204 are adjacent distal shoulder 
portion 156 and medial portions 208 are adjacent 
25 proximal shoulder portion 158. 

A first member, such as outer retention 
member 160, surrounds medial portions 208 and retains 
them in position, A second member, such as inner 
retention member 162, is positioned coaxially within a 
30 lumen of connector support member 152. A distal end 
portion 163 of inner retention member 162 may be 
provided with an annular sleeve portion 164, which 
surrounds the internal fingers 204 and retains them in 
position with respect to the annular recess 154 and 
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shoulder portion 156. Inner retention member 162 is 
configured for longitudinal movement with respect to 
the connector support member 152. In a preferred 
embodiment, inner retention member may be actuated by 
5 slide mechanism 116 located on the proximal handle 
portion (see, FIG. 1) . 

During this stage of the installation, 
delivery sheath 124 may positioned adjacent the distal 
portion of the connector support structure 134. The 
10 proximal end portion of delivery sheath 124 may be 
provided with a connector retention fixture portion 
170. Retention fixture 170 may have an internal lumen, 
or cylindrical bore 172, to coaxially surround the 
distal end portion 163 of inner retention member 162. 
15 A positioning member 173 may be located with bore 172 
of delivery sheath 124. An outer threaded portion 175 
is provided on a distal portion of positioning member 
173 and cooperates with an inner threaded portion 177 
provided on sheath 124. The threaded portions 175 and 
20 177 may be relatively rotated in order to secure the 
positioning member 173 with respect to the delivery 
sheath 124. The positioning member 173 is provided 
with a proximal surface 177 which abuts the distal end 
portion 163 of inner retention member 162 and thereby 
25 stabilizes the fixture portion 170 of the delivery 

sheath 124 against relative longitudinal movement with 
respect to the inner retention member 162 during this 
stage of the installation. 

The outer periphery of retention fixture 170 
30 is provided with a plurality of mounting tabs 174. 
(The mounting tabs 174 and 174 1 are illustrated in 
greater detail in FIGS. 10 and 10(a), below.) Each of 
the external fingers 206 is deflected distally and 
towards parallelism with the longitudinal axis towards 
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mounting tabs 174. Each external finger may be 
attached to a mounting tab 174. It is also 
contemplated that positioning member 173 and fixture 
portion 170 may substituted with a single component 
5 (not shown) that abuts the distal portion 163 of inner 
retention member 162 and provides mounting tabs 174 for 
external fingers 206. 

As a consequence of mounting connector 200 as 
described above, graft attachment members 202 are 
10 oriented radially outward, and provide attachment 
points for the new length of tubing, as will be 
described in greater detail hereinbelow. 

The graft transfer sheath 180, illustrated in 
FIG. 7, assists in the mounting of the new length of 
15 tubing 122 onto the apparatus 100, and more 

particularly, the connector support mechanism 134, 
without compromising the delicate intima of the new 
length of tubing. The graft transfer sheath 180 is 
preferably fabricated from a low friction, 
20 biocompatible polymer such as, e.g., polyethylene or 
polytetraf luoroetylene, or similar material. The 
sheath 180 may alternatively be made of metal, such as, 
e.g., stainless steel. The sheath 180 may have an 
elongated body portion 182, a tapered end proximal 
25 portion 184, and an internal lumen 186. The tapered 
tip portion 184, having an atraumatic tip, allows the 
new length of tubing to be loaded over the sheath 180, 
in the direction indicated by arrow B. 

The graft transfer sheath may also assist the 
30 physician in properly orienting the new length of 
tubing with respect to the intended fluid flow 
direction when the tubing is in place. For example, if 
the new length of tubing is a vein, it may have 
internal valves to restrict the direction of flow. 
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When the vein is utilized as arterial blood source, the 
graft may be reversed in order to allow flow in the 
opposite direction. As illustrated in FIG. 7, the 
graft transfer sheath 180 provides a visual indication 
5 to the physician of the desired flow direction, i.e., 
from the distal opening 187 to the tapered tip portion 
184, as indicated by arrow C. 

The graft transfer sheath 180 also assists 
the physician by serving as a sizing instrument. The 

10 outer diameter of the body portion 182 is selected to 
accommodate a graft having a diameter which is 
compatible with the connector 2 00. For example, a- 
graft that is too narrow will not be able to receive 
the sheath 180 therethrough. In a preferred 

15 embodiment, body portion 182 of sheath has a diameter 
of about 3 mm. The diameter of body portion 182 may be 
fabricated with a different diameter, and corresponding 
connector size, depending upon the specific clinical 
indication of the graft size and desired anastomosis 

20 size. 

Once the graft 122 is harvested, it is 
positioned over the sheath 180, as described above. As 
illustrated in FIG. 8, the sheath 180 and graft 122 are 
passed coaxially over the connector support member 160 

25 towards the connector 200, in the direction as 

indicated by the arrow. Subsequently, the graft 122 is 
retained in position (e.g., with an atraumatic grasping 
instrument), and the sheath 180 is removed from the 
connector support member 160, as indicated by the arrow 

30 in FIG . 9. The graft 122 is positioned with, respect to 
the connector 200 such that an end portion of the graft 
surrounds the outwardly facing graft attachment members 
202, as illustrated in dashed line (FIG. 10) . An 
alternative embodiment of the fixture is illustrated in 
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FIG. 10(a), and designated by reference number 170' , 
and utilizes a plurality of circular mounting tabs 
174 f , which may be received in apertures 226 provided 
on outer retention fingers 206. 
5 FIGS. 11 illustrates apparatus useful in 

piercing the graft 122 with the graft attachment 
members 202. More particularly, vein piercing tool 190 
is provided with hollow tubular tip 192 that allows the 
physician to pierce the graft 122 at the desired 

10 location. Vein piercing tool 190 preferably has a 
proximal handle portion 192 and a distal portion 196 
with the hollow tubular tip 192. The tool 190 may be 
provided with flattened portion 198 which corresponds 
to the major axis 199 of the tip 192. The flattened 

15 portion 198 provides a tactile indication to the 

physician to assist in determining the location of the 
major axis 198. 

FIG. 12 illustrates the manner in which the 
vein piercing tool 190 may be used to assist the 

20 piercing of the graft 122 with the graft attachment 
members 202. After the graft is oriented about the 
connector as described above with respect to FIG. 10, 
the vein piercing tool 190 is brought into 
approximation with the graft 122. More particularly, 

25 the hollow tubular tip 192 contacts the graft 122 about 
the barbed tip of the graft attachment member 220. The 
flattened portion 198 (not shown in the FIG.) allows 
the surgeon to locate and position the major axis 199 
of the tip 192 which contacts the graft tissue first. 

30 Pressing down on the tip 192 (as indicated by the 

arrow) applies substantially uniform pressure to the 
graft 122 about the graft attachment member 202 to 
provide a neat piercing without tearing the graft 
tissue. The vein piercing tool 190 is subsequently 
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used with each graft attachment member 220, in order to 
provide the attached, configuration as illustrated in 
FIG. 13. The physician may then test the attachment of 
the graft 122 to the graft attachment members 220, for 
5 example, by applying a gentle proximal force to the 
graft 122 adjacent the attachment locations. 

A later stage in the use of apparatus 100 is 
illustrated in FIGS. 14 and 15. During the graft 
attachment steps {FIGS. 10-13), the external fingers 
10 206 are deflected distally to allow access to the graft 
attachment fingers 202, by attachment to the outer 
mounting fixture 170. After graft attachment, the 
external fingers 206 are released from attachment to 
retention fixture 170, as illustrated in FIG. 14. 
15 According to one embodiment, this may be accomplished 
by advancing the delivery sheath 124 distally over the 
connector apparatus 200. Initially, delivery sheath 
124 and positioning member 173 may be secured against 
relative longitudinal movement by cooperating threaded 
20 portions. 175 and 177 (see, FIG. 6) . 

As illustrated in FIG. 14, positioning member 
173 may be removed from within bore 172 by unscrewing 
the threaded portions 175/177 and withdrawing the 
positioning member 173 distally (as indicated by arrow 
25 A) . Consequently, delivery sheath 124 is relatively 
longitudinally movable with respect to connector 200. 
Delivery sheath 124 may be advanced proximally (as 
indicated by arrow B) , which allows external fingers 
206 to be released from mounting tabs 174. External 
30 fingers 206 expanded radially outward upon release from 
mounting tabs 174 (as indicated by arrow C) . 

In the alternative embodiment illustrated in 
FIG. 5(a), each external finger 206 is removed from the 
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associated tab 174 1 , and the retention fixture 170' may 
be removed from the device. 

FIG. 15(a) illustrates a subsequent step 
wherein the delivery sheath 124 is advanced further 
5 distally to a surrounding configuration over the 

connector 200 and the graft conduit 122, Preferably, 
the sheath 124 is mounted from the distal end towards 
the proximal end of the device (as indicated by the 
arrow) . Delivery sheath 124 is provided with mounting 

10 threads 125 (illustrated in dashed line) which may be 
secured to the handle 110. The length of the delivery 
sheath 124 is selected such the external fingers 206 
are deflected and secured proximally towards 
parallelism with the longitudinal axis, as shown in 

15 FIGS. 15(a) and 15(b). 

The nosecone 310 and cutting mechanism 132 
may be attached to the apparatus 100 as illustrated in 
FIGS. 16 and 17. Additional features and methods for 
creating an aperture at the anastomosis site are 

20 disclosed in commonly-assigned, copending U.S. 

Application 09/014,759, filed January 28, 1998, which 
is incorporated by reference in its entirety herein. 
The nosecone 310 is placed over the distal portion 163 
of the inner retention member 162. The nosecone 310 

25 may have a body portion 312 which is movable with the 
inner retention member 162. A plurality of leaves 314 
extend proximally from the body portion 312. Each leaf 
314 is positioned between struts 218 and 220 of each 
external finger 206, and covers a graft attachment 

30 member 202. As will be explained in greater detail 
below, each leaf 314 is resiliently biased radially 
inwardly. Leaves 314 cover the graft attachment member 
202 during insertion into the body conduit, and 
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prevents the sharpened tip portions of members 202 from 
inadvertently tearing or snagging on tissue. 

The cutting mechanism 132 is mounted distally 
of the nosecone 310, and may be positioned within 
5 internal lumen 161 of inner retention member 162. 
Cutting mechanism 132 includes a tissue holding 
structure, such as stylet 322, which pierces and 
retains tissue, and a tubular structure, such as coring 
tip 324, which cuts a plug of tissue retained by the 

10 stylet 322, thus providing an opening for the 

anastomosis. As will be described in greater detail 
below, the tissue holding structure 322 includes a 
distal piercing portion, such as angled needle tip 326, 
similar in construction to a tip used, e.g., in a 

15 hypodermic needle.- The tissue holding structure 322 
includes retention members, such as proximally 
extending barbs 32 8. In the embodiment illustrated in 
FIGS. 16-17, the distal piercing portion 326 and the 
proximally extending barbs 328 are provided on a 

20 single, integrated unit, such as stylet 322. It is 

contemplated that the distal piercing portion and the 
proximally extending barbs are provided on separate 
parts, as will described below. The stylet 322 is 
mounted on a support shaft 330 for relative 

25 longitudinal motion with respect to coring tip 324. 
Briefly, the stylet 322 is constructed to pierce, the 
tissue with the needle tip 326 from the entrance side 
of the tissue to the exit side. The stylet 322 is 
retracted proximally to allow the barbs 326 to engage 

30 the exit side of the tissue, such that the tissue that 
has just been pierced is now engaged between the barbs 
32 6 and the coring tip 324. The coring tip is then 
used to core out a small cylindrical section of tissue, 
which is retained by the barbs 326 of the stylet 322. 
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According to one embodiment, the coring tip 324 is 
provided with a edge that cores the tissue by rotation 
about the longitudinal axis. According to another 
embodiment, the coring tip 324 has an edge which cores 
5 the tissue by longitudinal advancement through the 
tissue. It is also contemplated that coring may be 
performed by a combination of rotation and longitudinal 
advancement. These procedures provide a smooth, 
uniform circular hole in the tissue. 
10 An alternative embodiment of the nosecone and 

cutting mechanism is illustrated in FIGS. 18 and 19. 
.Under certain surgical conditions, it may be useful or 
preferable to provide one instrument for deploying the 
connector and graft, and a separate instrument for 
15 providing an aperture in the body conduit to which the 
connector and graft are to be attached. FIG. 18 
illustrates an alterative embodiment of the distal end 
portion 4 30 of an apparatus 400 for deploying the 
connector and graft. Apparatus 400 is substantially 
20 identical to apparatus 100 as illustrated in FIGS. 1 
and 16, above, with several of the substantial 
differences noted herein. For example, the cutting 
mechanism 132 depicted in FIGS. 16 and 17 has been 
eliminated from apparatus 400. A modified nosecone 410 
25 is provided which has an atraumatic tip portion 416, 
which may be hemispherical or conical. 

The function of cutting an aperture in the 
body conduit is provided by a cutting apparatus 420 
(FIG. 19). The distal portion 421 is substantially 
30 identical to the cutting mechanism 132, described with 
respect to FIGS. 16 and 17. More particularly, the 
distal portion 440 includes a stylet 442 which pierces 
and retains the tissue, and a coring tip 444 which cuts 
the opening for the anastomosis. The stylet 442 has 
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needle tip 446 for piercing the tissue and barbs 448 on 
the proximal portion thereof. The barbs 44 6 and the 
coring tip 444 retain the tissue therebetween. 

The proximal handle portion 450 includes a 

5 plunger-type mechanism 452 to actuate the distal 

portion 441. The preferred mechanism is an internal 
spring bias which urges the stylet 442 proximally. The 
physician depresses the plunger-type mechanism 452 (as 
indicated by the arrow) which advances the stylet 422 

0 distally against the spring bias. After releasing the 
mechanism 452, the spring retracts the stylet 442 
proximally towards the coring tip 444. This 
configuration" secures the tissue being cut between the 
barbs 448 and the coring tip 444. The physician may 

5 rotate [the proximal handle portion 450- and] the coring 
tip 444 therewith about the longitudinal axis and/or 
advance the apparatus 420 to core out a small 
cylindrical section of tissue. 

FIG. 20. illustrates an early stage in the use 

) of apparatus 100 in accordance with the invention. The 
physician provides surgical access to the operative 
site. Surgical access provides improved visibility to 
the physician during the procedure. It may also allow 
management of bleeding by the introduction of equipment 

> to remove blood from the operative cavity as well the 
introduction of equipment to irrigate the region. This 
approach also allows for the removal of inconsequential 
tissue such as fascia and fat from the anastomosis 
sites . 

Accordingly, the region above the operative 
site on the skin surface of the patient is located. As 
illustrated in FIG. 20, the location of heart 12 in the 
chest of the' patient is found. An incision 14 is made 
in the chest. Although reference is made to a single 
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incision, it is contemplated that several incisions and 
access points may be made. A retractor clamp 16 may be 
applied to the incision to hold it in an open position. 
In a further alternative embodiment, the retractor 
5 clamp may be configured to partially deflect the ribs 
apart. In an alternative embodiment, a trocar tube or 
cannula may placed in the incision to facilitate the 
introduction and removal of surgical instrumentation. 
If further accessibility is required, a portion of the 
10 connective tissue and cartilage between the ribs may be 
removed to view the operative region and allow access 
for surgical instrumentation. In yet another 
alternative where more accessibility is required, one 
or more of the ribs may be cut adjacent the sternum and 
15 deflected. All of these methods of surgically 

accessing the region adjacent the heart may be less 
traumatic on the patient than the conventional medial 
sternotomy. The term "surgical access opening" will be 
used throughout the following description and will 
20 refer to any of the preceding minimally invasive access 
means deemed appropriate by the physician for the 
particular procedure and patient history. If 
necessary, a viewing scope, such as a thoracoscope, may 
be inserted through incision to assist in observing the 
25 procedure as it is carried out as described below. In 
addition, apparatus for sucking fluid, such as blood, 
from the operative site, may be inserted in the 
surgical access opening, e.g., to control bleeding. 

FIG. 20 illustrates the aorta 20, which 
30 preferably serves as the existing body conduit and the 
arterial blood source in the exemplary embodiment. 
Coronary arteries 22 and 24 are at least partially 
blocked by occlusions or lesions 26 and 28, 
respectively. A graft conduit 30 has been installed 
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according to the invention. The end portion of the 
graft conduit has been secured to the aorta 20 with a 
connector 200. The other end portion of the graft 
conduit has been secured to the coronary artery 22 
5 downstream of the occlusion 2 6 by sutures 32. 

The physician determines that location 36 on 
the aorta 20 for creating the anastomosis. The 
physician may grasp apparatus 100 by the proximal 
handle portion 110. The distal portion 130 is 
10 positioned adjacent location 36. More particularly, 

cutting mechanism 132 is used to make an opening in the 
aorta 20. The physician may depress plunger mechanism 
114 in order to extend the stylet 322 distally. As 
illustrated in FIG. 21, the tip 326 pierces the tissue 
15 of aorta 20 at location 36 in the direction indicated 
by the arrow. The barbs 328 extend proximally and pass 
through the wall of the aorta 20. 

Once the stylet 322 has passed into the 
tissue, the physician may release the plunger mechanism 
20 114, which retracts the stylet 322 proximally (as 

indicated by arrow D) in response to the spring bias 
described above. Consequently, the aorta wall is 
trapped between the barbs328 of the stylet and the 
leading edge of the coring tip 324 (FIG. 22) . The 
25 coring tip 324 is rotated about the longitudinal axis 
(as indicated by arrow E) and/or advanced distally in 
order to cut through the tissue. 

Once the coring tip 324 has cut through the 
aorta 20 (FIGS. 23 and 24), a plug of material 40 
30 results from such cutting. The barbs 328 retain the 
plug 40 on the support member 330 and prevent the plug 
40 from entering the bloodstream. It is also 
contemplated that cutting apparatus 420 may be used to 
cut the plug 40 from the aorta 20. 
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An alternative embodiment of the cutting 
mechanism is described herein. The apparatus and 
procedures are substantially identical to those 
described above with respect to FIGS. 16-24, above, 
5 with the substantial differences described herein. 
This alternative embodiment may be useful where the 
body conduit receiving the anastomosis is a smaller 
diameter vessel, such as, e.g., coronary artery 24. 

As illustrated in FIG. 25, the tissue holding 
10 structure may include a distal piercing portion, such 
as cannula needle 500, having a sharpened tip 510, to 
create an initial incision in the wall of the coronary 
artery 24. The tissue holding structure also includes 
a barb support member 520 disposed at the proximal end 
15 portion of a catheter 522. The barb support member 520 
is provided with an atraumatic bulb tip 524, which will 
not damage the interior wall of the vessel. The barb 
support member 520 is also provided with a pair of 
proximal barbs 526. The barbs 526 are resilient, such 
20 while inside the lumen 512 of the cannula needle 500, 
the barbs are disposed in a retracted configuration 
towards parallelism with the longitudinal axis of the 
apparatus. The barb support member 520 is advanced 
into the vessel, whereupon the barbs 526 may 
25 resiliently extend radially outwards, as indicated by 
the arrows (FIG. 26) . 

The cannula needle 500 may be retracted 
proximally from the coronary artery 24. A coring tip 
530, similar to the coring tip 324, described above, is 
30 advanced distally to the outer surface of the wall of 
the coronary artery 24 (FIG. 27) . As illustrated in 
FIG. 28, the barb support member 520 is retracted 
proximally, preferably by withdrawing the catheter 522 
(as indicated by arrow F) . The wall of the coronary 
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artery is trapped between the barbs 526 and the coring 
tip 530. The coring tip 530 is rotated about the 
longitudinal axis (as indicated by arrow G) and 
advanced distally into the coronary artery wall in 
5 order to cut the section 42 to be removed. Further 
advancement of coring tip 530 into the wall of the 
coronary artery 24 removes the section 42 as a 
cylindrical plug section. Barbs 526 retain the plug 42 
inside the coring tip 530 and prevent the plug 42 from 
10 entering the bloodstream (FIG. 29) . 

As illustrated in FIG. 30 and 31, the distal 
portion 130 of apparatus 100 is advanced further into 
the aorta through the aperture created at location 3 6 
by the cutting mechanism 134. (The details of the 
15 cutting mechanism have been omitted in. order to 

simplify the ensuing, discussion. ) More particularly, 
nosecone 310 and annular sleeve 164, which retains 
internal members 204, are inserted into the lumen of 
the aorta 20. The physician may subsequently advance 
20 the inner retention member 162, and annular sleeve 164 
and nosecone 310 therewith (as indicated by arrow H) , 
while maintaining the support member 152 and the outer 
retention member 160 stationary. This is preferably 
accomplished by an actuation member, such as slide 
25 control 116 on the proximal handle portion 110. 

Advancement of the inner retention member 162 
and its annular sleeve 164 permits the internal fingers 
20.4 to expand radially outwardly from the retained 
configuration (illustrated iri dashed line) to the 
30 expanded position, as indicated by arrow J. FIG. 31 
illustrates the radially outward expansion of fingers 
204 in greater detail. Moreover, once the nosecone 310 
has been advanced distally beyond the internal fingers 
204, the leaves 314 of the nosecone 310 resiliently 
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approximate radially inwardly. This assists in 
subsequently removing the distal portion 130 of 
apparatus 100 from the aorta after the connector 200 
has been deployed, as will be described below. 

The external fingers 206 may be subsequently 
deployed (FIGS. 32 and 33). As illustrated in FIG. 33, 
the delivery sheath 124, which retains external fingers 
in their backwardly deflected positioned, is retracted 
proximally from its position adjacent the aorta 20 
(illustrated in dashed line) to a position spaced 
further apart, in the direction indicated by arrow K. 
This permits the external fingers 206 to resiliently 
expand radially outwardly and contact the external 
surface of the aorta 20 (in the direction indicated by 
15 arrows L) . 

The anastomosis is complete, and apparatus 
100 is subsequently removed from the operative site 
(FIG. 34). As illustrated in FIG. 35 and 36, the 
connector 200 creates a substantially circular opening 
60, which promotes smooth blood flow and rapid healing. 
The free end portion of the graft conduit 122 is 
subsequently attached to the coronary artery 24 (FIG. 
37) . it is contemplated that several methods may. be 
used to make the attachment, such as sutures 34. 

It will be understood that the foregoing is 
only illustrative of the principles of the invention 
and that various modifications can be made by those 
skilled in the art without departing from the scope and 
spirit of the invention. For example, the invention 
can be used to add a graft to the patient's circulatory 
system elsewhere than between the aorta and a coronary 
artery as has been specifically shown and described 
above . 



20 
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The Inv ention Claimed Is 

1- Instrumentation for facilitating cutting 
an opening in a side wall of a body conduit comprising: 
a tubular structure defining a lumen and 
having a sharpened distal end portion configured to cut 
a section of the body conduit to create the opening; 
and 

a tissue holding structure axially 
movable within the lumen of the tubular structure, the 
tissue holding structure comprising a piercing portion 
to permit passage of the tissue holding structure 
through the body conduit from an entrance side adjacent 
the tubular structure to an exit side thereof, and a 
retention member -to secure the section of the body 
conduit to the tissue holding structure during movement 
of the tissue holding structure to approximate the 
entrance side of the section of the body conduit and 
the sharpened distal portion of the tubular structure 
which cuts the section of body conduit. 

2. The instrumentation as defined in claim 
1, wherein the tissue holding structure and the section 
of body conduit secured thereto by the retention member 
are movable into the lumen of the tubular structure. 



3. The instrumentation as defined in claim 
1/ wherein the retention member is a barb that is 
resiliently biased radially outwardly in order to 
secure the section of body conduit. 

4. The instrumentation as defined in claim 
3, wherein the barb may be deflected radially inwardly 
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during the distal passage of the tissue holding 
structure through the section of the body conduit. 

5. The instrumentation as defined in claim 

4, wherein the piercing portion comprises a needle 
catheter having a sharpened distal end portion permit 
passage of the tissue holding structure through the 
section of body conduit. 

6. The instrumentation as defined in claim 

5, wherein the tissue holding structure further 
comprises a barb support member which supports the barb 
thereon and is axially movable within an internal lumen 
of the needle catheter, 

7. The instrumentation as defined in claim 

6, wherein the needle catheter is sized to deflect the 
barb radially inwardly during distal movement of the 
barb support member through the internal lumen of the 
needle catheter, and which allows the barb to return to 
an outwardly extending orientation after passage 
through the internal lumen. 

8. The instrumentation as defined in claim 
6, wherein the barb support member has an atraumatic 
distal tip portion. 

9. The instrumentation as defined in claim 
6, wherein the barb support member extends distally 
from a flexible catheter. 

10. The instrumentation as defined in claim 
1, wherein the sharpened distal end portion of the 
tubular structure is configured to cut the section of 
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body conduit by axial rotation of the tubular 
structure . 

11. The instrumentation as defined in claim 
1/ wherein the sharpened distal end portion of the 
tubular structure is configured to cut the section of 
body conduit by longitudinal advancement of the tubular 
structure through the body conduit. 

12. The instrumentation as defined in claim 
1/ further comprising: 

a connector for providing an anastomosis 
between the body conduit and a new length of body 
tubing comprising a first plurality of fingers for 
engaging an inner wall of the body conduit, a second 
plurality of fingers for engaging an outer wall of the 
body conduit, and a plurality of engagement members for 
securing the new length of body tubing to the 
connector . 

13. The instrumentation as defined in claim 

12, wherein the first plurality of fingers, the second 
plurality of fingers, and the engagement members are 
resiliently disposed radially outward. 

14. The instrumentation as defined in claim 

13, further comprising: 

a connector support defining a 
longitudinal axis and having a first retention 
structure to retain the first plurality of fingers 
towards parallelism with the longitudinal axis and a 
second retention structure to retain the second 
plurality of fingers towards parallelism with the 
longitudinal axis, such that the engagement members are 
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disposed radially outwardly to facilitate attachment of 
the new length of tubing thereto. 

15. The instrumentation as defined in claim 
14, wherein the connector support defines an interior 
lumen for receiving the tubular structure and tissue 
holding structure therethrough. 

16. The instrumentation as defined in claim 
14, wherein the first retention structure is an annular 
sleeve for retaining the first plurality of fingers 
distally towards parallelism with the longitudinal 
axis . 

17. The instrumentation as defined in claim 
16, wherein the first retention structure retains the 
first plurality of fingers in a configuration having a 
dimension smaller than the opening in the body conduit. 

18. The instrumentation as defined in claim 
14, wherein the second retention structure is a member 
having a projection received in a corresponding opening 
in each of the second plurality of fingers to retain 
the second plurality of fingers towards parallelism 
with the longitudinal axis. 

19. The instrumentation as defined in claim 
14, wherein the second retention structure is an 
annular sleeve to retain the second plurality of 
fingers towards parallelism with the longitudinal axis. 



12, 



20. The instrumentation as defined in claim 
wherein the new length of tubing has a direction of 
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natural fluid flow, the instrumentation further 
comprising : 

a sleeve sized for passage within the 
new length of tubing and having an indication means to 
provide a visual indication of the direction of natural 
fluid flow. 

21. The instrumentation as defined in claim 
14, further comprising: 

a pressure-application tool for 
facilitating the piercing of the new length of tubing 
by individual ones of the engagement members to secure 
the new length of tubing to the connector, the 
pressure-application tool having a distal sleeve 
portion with an internal lumen sized such that 
individual ones of the engagement members may be 
received therein, the sleeve providing substantially 
uniform pressure to the new length of tubing about the 
engagement member to pierce of the new length of tubing 
by the engagement member . 

22. A method for cutting an opening in a 
body conduit comprising: 

providing a tissue holding structure 

having a retention member to secure the body conduit to 

the tissue holding structure; 

securing the retention member to the 

body conduit by at least partially inserting the tissue 

holding structure into the body conduits- 
providing a tubular structure having a 

sharpened distal portion; 

approximating the body conduit and the 

sharpened distal portion of the tubular structure by 
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relative movement of the tissue holding structure 
towards the tubular structure; 

cutting a section of the body conduit 
with the sharpened distal portion of the tubular body 
structure to provide an opening in the body conduit. 



23. The method as defined in claim 22, 
wherein the tubular structure defines an internal 
lumen, the method further comprising: 

after cutting the section of the body 
conduit, withdrawing the tissue holding structure and 
the section of the body conduit into the internal lumen 
of the tubular structure. 

24. The method as defined in claim 22, 
wherein cutting the section of the body conduit 
comprises angularly rotating the tubular structure 
while contacting the section of body conduit. 

25. The method as defined in claim 22, 
wherein cutting the section of the body conduit 
comprises longitudinally advancing the tubular 
structure through the section of body conduit. 

26. The method as defined in claim 22, 
wherein the retention member is a barb that is 
resiliently biased radially outwardly in order to 
secure the tissue holding structure to the body conduit 
and capable of deflection radially inwardly, and 

wherein securing the retention member to 
the body conduit comprises maintaining the barb 
radially inwardly while inserting the tissue holding 
structure into the body conduit, and subsequently 
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allowing the barb to deflect radially outwardly to 
engage the body conduit. 

27. The method as defined in claim 22, 
wherein the tissue holding structure further comprises 
a piercing portion, and 

wherein securing the retention -member to 
the body conduit comprises piercing the body conduit 
with the piercing portion of the tissue holding 
structure. 

28. The method as defined in claim 27, 
wherein the piercing portion comprises a needle 
catheter having a sharpened distal end portion, wherein 
piercing the body conduit comprises piercing - the body 
conduit from an entrance side to an exit side with the 
needle catheter. 

29. The method as defined in claim 28, 
wherein the tissue holding structure further- comprises 
a barb support member which supports the barb thereon 
and is axially movable within an internal lumen of the 
needle catheter, and 

wherein the securing further comprises 
passing the barb support member and the barb through 
the internal lumen of the needle catheter from the 
entrance side to the exit side. 

30. The method as defined in claim 29, 
wherein the needle catheter is sized to deflect the 
barb radially inwardly during distal movement of the 
barb support member through the internal lumen of the 
needle catheter, and 
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wherein passing of the barb support 
member comprises inwardly deflecting the barb during 
the passing therethrough. 

31. The method as defined in claim 30, 
wherein the securing the retention member to the body 
conduit further comprises allowing the barb to return 
to the configuration wherein the retention member is 
positioned radially outwardly in order to secure the 
body conduit thereby. 

32. The method as defined in claim 29, 
wherein the barb support member extends distally from a 
flexible catheter and 

wherein securing the tissue holding 
member to the body conduit further comprises advancing 
the catheter towards the body conduit. 

33. The method as defined in claim 32, 
wherein the approximating the body conduit and the 
sharpened portion of the tubular structure comprises 
withdrawing the catheter away from the body conduit. 

34. A method for performing an anastomosis 
between a body conduit and a new length of tubing 
comprising : 

providing a tissue holding structure 
having a retention member to secure the body conduit to 
the tissue holding structure; 

securing the retention member to the 
body conduit by at least partially inserting the tissue 
holding structure into the body conduit; 

providing a tubular structure having a 
sharpened distal portion; 
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approximating the body conduit and the 
sharpened distal portion of the tubular structure by 
relative movement of the tissue holding structure 
towards the tubular structure; 

cutting a section of the body conduit 
with the sharpened distal portion of the tubular body 
structure to provide an opening in the body conduit; 
and 

attaching the new length of tubing to 
the body conduit adjacent the opening made by the 
cutting . 

35. The method as defined in claim 34, 
further comprising : 

providing a connector defining a central 
opening and comprising a first plurality of fingers for 
engaging an inner wall of the body conduit, a second 
plurality of fingers for engaging an outer wall of the 
body conduit, and a plurality of engagement members for 
securing a portion of the new length of body tubing to 
the connector, 

wherein attaching the new length to 
tubing to the body conduit adjacent the opening 
comprises securing a portion of the new length of body 
tubing to the connector with the plurality of 
engagement members, engaging the inner wall of the body 
conduit with the first plurality of fingers, and 
engaging the outer wall of the body conduit with the 
second plurality of fingers. 

36. The method as defined in claim 35, 
further comprising: 

providing a connector support defining "a 
longitudinal axis and having a first retention 
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structure for retaining at least one of the plurality 
of fingers towards parallelism with the longitudinal 
axis; and 

prior to securing the portion of the new 
length of tubing to the connector, mounting the 
connector coaxially about the connector support and 
retaining one the plurality of fingers with the 
retention structure . 



37. The method as defined in claim 36, 
wherein the connector support further comprises a 
second retention structure; such that the engagement 
members are disposed radially outwardly to facilitate 
attachment of the new length of tubing thereto, 

wherein mounting the connector coaxially 
about the connector support further comprises retaining 
the first plurality of fingers towards parallelism with 
the longitudinal axis and retaining the second 
plurality of fingers towards parallelism with the 
longitudinal axis such that the engagement members are 
disposed radially outwardly to facilitate attachment of 
the new length of tubing thereto. 

38. The method as defined in claim 37, 
wherein the first retention structure is an annular 
sleeve, 

wherein mounting the connector coaxially 
about the connector support comprises retaining the 
first plurality of fingers distally towards parallelism 
with the longitudinal axis. 

39. The method as defined in claim 37, 
wherein the mounting the connector coaxially about the 
connector support comprises retaining the first 
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plurality of fingers in a configuration having a 
diameter smaller than the opening in the body conduit. 

40. The method as defined in claim 37, 
wherein the second retention structure is a member 
having a projection received in corresponding opening 
in each of the second plurality of fingers, 

wherein mounting the connector coaxially 
about the connector support comprises retaining the 
second plurality of fingers towards parallelism with 
the longitudinal axis. 

41. The method as defined in claim 35, 
wherein the new length of tubing has a direction of 
natural fluid flow, the method further comprising: 

providing a sleeve sized for passage 
within the new length of tubing and having an indicator 
to provide a visual indication of the direction of 
natural fluid flow; and 

before securing the portion of the new 
length of tubing to connector, advancing the new length 
of tubing over the sleeve such that new length of 
tubing may be attached to the connector based on the 
direction of natural fluid flow. 

42. The method as defined in claim 35, 
further comprising: 

providing a pressure-application tool 
having a distal sleeve portion with an internal lumen 
sized such that individual ones of the engagement 
members may be received therein, 

wherein securing the portion of the new 
length of tubing to connector comprises providing 
substantially uniform pressure by the sleeve portion to 
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the new length of tubing placed between the engagement 
member and the sleeve about the engagement member to 
facilitate piercing of the new length of tubing by the 
engagement member. 

43. The method as defined in claim 40, 
wherein the member is a tubular sheath, the method 
further comprising : 

after securing the new length of tubing 
to the body conduit, releasing the second plurality of 
fingers from the tabs and advancing the tubular sheath 
such that the second plurality of fingers are deflected 
towards parallelism with the longitudinal axis in a 
substantially opposite direction than prior to the 
releasing . 

44. The method as defined in claim 43, 
wherein attaching the new length to tubing to the body 
conduit adjacent the opening comprises: 

inserting the connector first plurality 
of fingers into the opening; 

releasing the first retention structure 
to allow the first plurality of fingers of engage the 
inner wall of the body conduit; and 

releasing the second retention structure 
to allow the second plurality of fingers to engage the 
outer wall of the body conduit. 
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